MATERIALS AND METHODS 3
Fish material, processing and sampling. 4
European hake (Merluccius merluccius) specimens were caught off the Atlantic coast of 5
North Western Spain and kept in flake ice until they arrived to our laboratory (six hours 6 later). Farmed turbot (Psetta maxima) specimens were obtained from Stolt Sea Farm, 7 S.A. (Carnota, Spain) and kept on flake ice for 6 hours until they arrived to our 8 laboratory. For both fish species, individual specimens were divided into two batches, 9 being one of them reserved to the flake ice treatment, while the other corresponded to 10 slurry ice process. Fish specimens (not headed, not gutted) were placed under both icing 11 conditions inside an isothermal room at 2 ºC. Fish samples from both icing conditions 12 were taken for analysis on days 2, 5, 8, 12, 15 and 19 for hake, and on days 2, 5, 9, 14, 13 19, 22, 26, 29, 33, 36 and 40 for turbot. Starting material from both fish species was 14 also studied. For each species and each chilling systems, three different groups (n=3) 15 were studied separately during the whole experimental period. 16 F o r P e e r R e v i e w 6 surrounded by flake ice or slurry ice at a fish/ice ratio of 1/1. When required, both ices 1 were renewed. 2
Sensory analysis. 3
Sensory analysis was conducted by a panel consisting of five experienced judges, who 4 based appraisals according to guidelines concerning fresh and refrigerated fish (Council 5 Directive 91/493/EEC 1991; Rodríguez et al., 2003) . Four categories were ranked: 6 highest quality (E), good quality (A), fair quality (B) and unacceptable quality (C). 7
Sensory assessment of the fish included the examination of the following parameters: 8 skin, external odour, gills, consistency and flesh odour. Once fish specimens had been 9 subjected to sensory analyses, the white muscle was separated and used for biochemical 10
analyses. 11 12
Nucleotide degradation analysis. 13 Analysis of the autolytic nucleotide degradation in fish muscle was carried out by 14 HPLC analysis according to the method of Ryder (1985) . The K value was calculated 15 according to the following concentration ratio: K value (%) = 100 x (hypoxanthine + 16 inosine) / (adenosine triphosphate + adenosine diphosphate + adenosine monophosphate 17 + inosine monophosphate + inosine + hypoxanthine). 18
Solubilization of sarcoplasmic protein fraction. 19
Sarcoplasmic protein extracts from fish muscle were prepared in a low-ionic-strength 20 buffer composed of 10 mM Tris-HCl, pH 7.2, + 50 mM PMSF (pentamethyl sulphonic 21 acid) as previously described (Piñeiro et al., 1998) . All extracts were maintained at -80 22 ºC until analysis. Protein concentrations in the extracts were determined by means of the 23 F o r P e e r R e v i e w 7 protein microassay method (Bio-Rad Laboratories Inc. Hercules, CA, USA). A standard 1 curve constructed from bovine serum albumin (BSA) was used as reference. 2
SDS polyacrylamide gel electrophoresis (SDS-PAGE). 3
Electrophoretic analyses of the sarcoplasmic protein fraction from fish muscle were 4 carried out in commercial horizontal SDS-PAGE gels (245x110x1mm Excel-Gel SDS 5
Homogeneous 15 %, Amersham Biosciences, Uppsala, Sweden). Protein bands were 6 visualised by silver staining as previously described (Piñeiro et al., 1998) . The optimised method was validated using calibration standards at 1, 5, 10, 40, 60, 80, 3 100 µg/mL per well into PBS/0.1 % BSA of a commercial and purified -actinin from 4 chicken gizzard (Sigma). 5
In the absence of 8-actinin purified from the fish species, the specificity of sarcomeric 6 anti-8-actinin antibody was tested previously by western blot assay (Rybicki & von 7 Wechmar, 1982). Sarcoplasmic protein electrophoretic profiles from chilled hake and 
RESULTS

19
Fish freshness as determined by sensory analysis. 20
European hake specimens stored in slurry ice maintained good quality up to day 8, 21
while hake specimens stored in flake ice exhibited good quality only up to day 2 (Table  22 1). In the case of turbot, the specimens chilled in slurry ice showed good quality up to 23 day 22, while the counterpart specimens stored in flake ice did so only until day 14. A 24 higher shelf-life time was obtained by employing slurry ice conditions for both hake and 25 turbot when compared to their counterparts stored under flake ice. Comparison between 26 the sensory acceptance scores of both species showed a marked faster quality loss for 27 
Evaluation of fish freshness by nucleotide analysis. 18
Assessment of nucleotide degradation was carried out by means of the K value ( Figure  19 2, bars). In global terms, both fish species provided a different evolution. Thus, hake 20 showed a progressive increase throughout the experiment, being in all cases the K index 21 under 60% value. However, turbot stored under flake ice provided a logarithmic pattern 22 with time, so that a sharp increase was observed in the 0-14 days period, that was 23 followed by no changes; values were above 60% in the 14-40 days period in all cases. 24 and 19 for the batch stored in traditional flake ice than for the counterpart specimens 7 stored in slurry ice. Moreover, turbot specimens stored in flake ice showed a higher 8 (p<0.05) K value development than the counterparts stored under slurry ice. 9
From the actual results it can be concluded that the application of slurry ice slowed 10 down the nucleotide degradation in hake and turbot although the K value showed a very 11 different evolution in both species, so that this quality index cannot be defined as a 12 general parameter to evaluate the freshness in fish species 13
Development of an indirect ELISA assay based on -actinin assessment to evaluate 14 fish freshness. 15
An indirect ELISA assay employing a commercial 8-actinin mouse MAb, was chosen in 16 order to estimate the proteolysis degree concerning the 8-actinin release in both chilled 17 hake and turbot species. The specificity of the commercial -actinin mouse MAb, was 18 proved by the western blot procedure described in the Materials and Methods section. 
10, 40, 60, 80 and 100 µg/mL, prepared using a commercial 8-actinin standard from 2 chicken gizzard. Figure 4 shows the standard dependent-dose curve for pure 8-actinin at 3 different concentrations and its corresponding regression equation. The mean regression 4 coefficient for analysis was r 2 = 0.9659. Besides, the non-specific binding of the 5 peroxidase-labeled second antibody was tested by means of a negative control without 6 primary antibody. 7
Figure 2 (lines) shows the results obtained by means of the referred ELISA 8 method aimed to detect the 8-actinin release in the sarcoplasmic protein extracts 9 obtained from the muscle of fish specimens (hake, Figure 2i ; turbot, Figure 2ii ) along 10 storage either in flake ice or slurry ice. As it can be seen, a fair correlation between the 11 proposed ELISA method (lines) and the K value (bars) tendency during storage was 12 observed for both species in the case of flake ice storage, showing a progressive 13 increase for hake and a logarithmic one for turbot, accordingly to the K value evolution. 14 However slurry ice conditions did not provide (p>0.05) changes in the OD values 15 throughout the experiment, so that a good agreement with the K value was not obtained 16
The OD values obtained were found to be highly species-dependent, being markedly 17 bigger in the case of hake (Figure 2i value). In the present work, a specific ELISA procedure was developped, to our 6 knowledge for the first time, being its purpose the assessment of the 8-actinin release 7 and correlate it with the quality loss. According to the results obtained in this study, the 8 differences observed in the proteolysis degree, directly depend on the nature and type of 9 fish species considered, a result that agrees with previously published reports (Whittle et 10 al., 1990; Love, 1997). 11
Specimens of European hake stored in flake ice showed a marked increase in the OD 12 value after day 8, according to the K value assessment, and showing to be unacceptable 13 from the sensory analysis at this time. By contrast, specimens stored in slurry did not 14
provide OD values differences throughout the experiment, according to a longer shelf-15 life time and a lower K value increase with time. In summary, the immunoassay results obtained show that the refrigeration of fish using 3 slurry ice slows down relevant deteriorative mechanisms, as it was determined by 4 biochemical and sensory analyses. In agreement to the results obtained in this study, 5 hake exhibited a higher protein degradation rate than turbot, since the OD values 6 determined by means of the immunoassay were ten times higher than in the case of 7 turbot. These results would suggest the need of defining a different break point of OD 8 values for each type of fish species and would imply a species dependent mechanism for 9 the alpha-actinin release from the Z-line (Papa et al., 1997) . In this sense, the release of 10 8-actinin from the myofibrilar fraction may be a useful index of proteolysis. 11 
